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Description 

This invention relates to systems and markers us- 
ing magnetic or spin resonance phenomena for prac- 
tical purposes. More particularly, but not exclusively, s 
it is concerned with the use of magnetic resonance, 
spin resonance and spin-echo phenomena in sys- 
tems for the surveillance, recognition, detection, sort- 
ing or monitoring of articles, stock or personnel. The 
applications of such systems include electronic arti- 10 
cle surveillance (theft prevention) and personnel ver- 
ification. 

The magnetic resonance phenomena are associ- 
ated with nuclear, electron, atomic or molecular mag- 
netic dipole moments acting individually or cooper- 15 
atively in the presence of magnetic fields to give nu- 
clear magnetic resonance (NMR), nuclear quadru- 
pole resonance (NQR), electron spin resonance or 
electron paramagnetic resonance (ESR, EPR), ferro- 
magnetic resonance, ferrimagnetic resonance, anti- 20 
ferromagnetic resonance, domain wall resonance, 
spin-wave resonance or spin-echoes. For conve- 
nience, the term 'magnetic resonance' will be used 
herein to include all of these magnetic and spin phe- 
nomena. The magnetic resonance is exhibited when 25 
the dipole moments processing in the magnetic fields 
absorb and re-radiate microwave or radio frequency 
electromagnetic radiation at or very close to the pre- 
cession frequency. 

It is known from Electro Conference Record, 30 
24th-26th April, 1979, vol. 4, J.R. Gonano: "Nuclear 
Magnetic Resonance and Nuclear Quadrupole Res- 
onance for Bomb Detection" pp. 1-5 to use NMR and 
NQR techniques to detect explosives in suitcases. 
The suitcases are carried through a magnetic field on 35 
a conveyor belt, and subjected to NMR and/or NQR 
scans in order to determine the presence or absence 
of explosives in the suitcases. 

EP 0 228 692 discloses a skin marker for use in 
medical diagnosis by means of both X-ray tomogra- 40 
phy and nuclear magnetic resonance imaging. This 
skin marker is used for steric correlation of an X-ray 
image of a part of a patient's body with an NMR image 
of the same region of the patient's body. It is neces- 
sary for the marker to be free of ferromagnetic mate- 45 
rials, as these interfere with the NMR imaging. Fur- 
thermore, there is no suggestion of selecting the mag- 
netic characteristics of such a marker so as to gener- 
ate an individually identifiable frequency response 
and thereby to distinguish between and identify dif- so 
ferent markers. 

A variety of electronic article surveillance or per- 
sonnel detection systems currently exist They in- 
volve detection of macroscopic magnetic properties 
or macroscopic resonances associated with LC eiec- 55 
trical circuit resonances, or with bulk mechanical vi- 
brational resonances, or with non-linear electrical 
transponders or with high-permeability magnetically 



saturating soft magnetic elements. 

An example of a detection system employing 
magnetostrictive resonance is disclosed in EP 0 096 
1 82. This type of system employs a marker for article 
surveillance comprising elongated strips of a magne- 
tostrictive material arranged to undergo macroscopic 
physical resonance at a frequency of around 15 kHz 
when subjected to an oscillating magnetic field in a 
detection zone. A ferromagnetic element disposed 
adjacent to each of the strips of magnetostrictive ma- 
terial is adapted, upon being magnetized, to magnet- 
ically bias the strips and thereby arm them to reso- 
nate at their preselected frequencies. 

EP-A-0 215 605 discloses a detection system 
which includes a marker containing an inductive-ca- 
pacitive resonant circuit The marker is made reversi- 
bly deactivatable and reactivatable by the addition of 
a piece of magnetic material that forms a magnetic cir- 
cuit enclosing the inductive component, and by 
means, such as a piece of permanently magnetizable 
material, for controllably magnetically biasing the 
magnetic material. The detection system further in- 
cludes an interrogation zone in an exit-way compris- 
ing antennas for generating and receiving radio fre- 
quency signals. Upon passage within the zone of an 
object to which is affixed a marker, the marker, when 
in its sensitized state, will be excited to produce os- 
cillations at its resonance frequency. 

Materials exhibiting the atomic resonance phe- 
nomena described above can be used in accordance 
with this invention for article recognition and/or detec- 
tion and for security surveillance. Such use is possi- 
ble because they can have extremely sharply defined 
resonant frequencies, which may be used to indicate 
their presence or identity. This can be achieved in a 
preferred embodiment of the invention by the use of 
a microwave or radio frequency emitting interrogation 
system which also detects an increase in the absorp- 
tion of the interrogating electromagnetic energy or re- 
emission of electromagnetic energy by the marker at 
the resonant frequency. 

According to one aspect of this invention, there is 
provided a method of electronic article or personnel 
surveillance which comprises monitoring, recognis- 
ing or detecting the location of an article, or sorting or 
selecting an article from a plurality of articles, or per- 
sonnel identification, wherein said article or person- 
nel is tagged with a marker comprising a material 
which supports a predetermined resonance property 
which serves to identify said article or personnel, 
which method is characterised in that said resonance 
is magnetic resonance and in that the method com- 
prises the steps of: 

i) subjecting said magnetically resonant material 
simultaneously to a static magnetic field and to 
electromagnetic radiation; 

ii) observing a magnetic resonance property by 
detecting the absorption or reemission of said 
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electromagnetic radiation by said marker at char- 
acteristic magnetic resonance frequencies; and 
iii) correlating said observed magnetic reso- 
nance property with said predetermined magnet- 
ic resonance property in order to identify said ar- 5 
tide or personnel. 

Generally, a marker for use in the method of the 
invention will be provided with means whereby the 
marker can be attached to an article or body (e.g. a 
person) the location of which is to be monitored, rec- 10 
ognised or detected or which is to be sorted or select- 
ed from a plurality of articles or bodies. 

According to a second aspect of the present in- 
vention, there is provided a marker for use in the 
method of the first aspect, which marker comprises a is 
substrate which supports internally or externally a 
plurality of magnetically active regions, of which at 
least one region comprises a material selected to sup- 
port a predetermined magnetic resonance property, 
and of which at least one other region comprises a 20 
permanent or semi-permanent magnet, wherein said 
material is electrically non -conductive and said mag- 
netic resonance is electron spin resonance (ESR). 

According to a third aspect of the present inven- 
tion, there is provided a marker for use in the method 25 
of the first aspect, which marker comprises a sub- 
strate which supports internally or externally a plur- 
ality of magnetically active regions, of which at least 
one region comprises a material selected to support 
a predetermined magnetic resonance property, and 30 
of which at least one other region comprises a perma- 
nent or semi-permanent magnet, wherein said mate- 
rial is electrically non-conductive and said magnetic 
resonance is nuclear magnetic resonance (NMR). 

According to a fourth aspect of the present inven- 35 
tion, there is provided the use of a marker in the meth- 
od of the first aspect, which marker comprises a sub- 
strate which supports internally or externally a plur- 
ality of magnetically active regions, of which at least 
one region comprises a material selected to support 40 
a predetermined magnetic resonance property, and 
of which at least one other region comprises a perma- 
nent or semi-permanent magnet, wherein said mate- 
rial is electrically non-conductive. 

The preferred magnetic resonance phenomena 45 
for the purposes of the present invention are ESR and 
spin echoes. The invention will be described herein- 
after with particular reference to these phenomena, 
although it is to be understood that the invention is not 
restricted to systems or articles which make use only so 
of these phenomena. The modifications necessary to 
practise the invention using other magnetic reso- 
nance phenomena, e.g. NMR or ferrimagnetic reso- 
nance, will be apparent to those skilled in the art 

The magnetic field required to produce defined 55 
resonances can be supplied either as a large field 
over the entire interrogation volume, or by a small per- 
manent or semi- permanent magnet placed close to 



the resonant material and carried round with it and the 
article. Thus in one embodiment a permanent or 
semi-permanent magnet and the resonant material 
are fabricated as a unit which constitutes the detect- 
able marker. In this embodiment it may still be advan- 
tageous to impose a small externally-generated mag- 
netic field. This can be a d.c. field to counteract, for 
example, the Earth's field. Alternatively a small a.c. 
field operating at a low frequency, typically of a few 
kHz, can be used to scan repeatedly across reso- 
nance at this identifiable second frequency. 

Markers in accordance with the present invention 
are distinct and identifiable (and different markers 
may be fabricated so as to have a unique magnetic 
resonance signature) since the combination of the 
resonating material and an established magnetic field 
is sufficiently unique to give a resonance which will 
not occur with everyday objects (or with other mark- 
ers in accordance with this invention). 

The resonant material may be a solid, or a solid 
solution, or a solid/liquid solution, or a liquid/liquid 
solution. 

According to a fifth aspect of the present inven- 
tion, there is provided a detection system including a 
marker as defined above, which system comprises a 
gate which, in use, will be located at a point of sale lo- 
cation or between a point of sale location and an exit 
from the premises containing said point of sale loca- 
tion, wherein said gate comprises means for emitting 
radiation in the microwave or radiofrequency wave- 
band; and means for detecting radiation emitted by 
the marker in response to a magnetic field in conjunc- 
tion with said microwave or radiofrequency radiation. 

According to a sixth aspect of the present inven- 
tion, there is provided the use of a detection system 
in the method of the first aspect, including the use of 
a marker as defined above, which system comprises 
a gate which, in use, will be located at a point of sale 
location or between a point of sale location and an exit 
from the premises containing said point of sale loca- 
tion, wherein said gate comprises means for emitting 
radiation in the microwave or radiofrequency wave- 
band; and means for detecting radiation emitted by 
the marker in response to a magnetic field in conjunc- 
tion with said microwave or radiofrequency radiation. 

The microwave radiation is preferably pulsed so 
that absorption by the marker is time-differentiated 
from emission of radiation from the active atoms with- 
in the marker due to decay of the excited ESR or NMR 
state. Detection of emitted radiation thus indicates 
presence of a marker which has not been removed by 
an assistant at the point of sale. 

Examples of materials which can be used for ESR 
detection include paramagnetic salts - i.e. salts con- 
taining paramagnetic ions, for example Cu 2 *, Mn 2 *, 
Fe* Gd*\ Cr 3 *, Tb^, Er** - in particular transition 
group metal ions of the iron group, the palladium 
group, the platinum group, and the actinide group. In 
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addition, certain organic molecules or stable free rad- 
icals have an unpaired electron and are paramagnetic 
- examples are naphthalene, nitroxides, diphenyl pi- 
cry! hydrazyl, and triphenyi methyl. Crystalline solids 
containing ionic impurities are also suitable, as well 
as certain naturally occuring minerals exemplified by 
ultramarine. 

The active paramagnetic moieties in the magnet- 
ically resonant material are preferably spaced apart 
from one another on the atomic scale in order to min- 
imise coupling between neighbouring paramagnetic 
ions and hence give a more sharply defined reso- 
nance. Thus salts containing paramagnetic metal 
ions are advantageously used in dilute form, for ex- 
ample dispersed to 1% dilution (by weight) in a dia- 
magnetic salt or medium, for example in magnesium 
oxide. 

Compounds containing nuclei with a net nuclear 
spin, such as hydrogen, carbon, nitrogen, chlorine, 
phosphorus, magnesium and calcium, can all be used 
for NMR detection. Isotopes with low natural abun- 
dance will give improved discrimination against false 
alarms. 

When the marker comprises a resonant materia! 
attached to or adjacent to a permanent or semi- 
permanent magnet, the magnetic materia! is advanta- 
geously a crystalline metal, an amorphous metal, or 
a crystalline or powdered ferrite-type material such as 
that used in magnetic recording media. The magnet 
may be a permanent magnet - i.e. have very high co- 
ercivity; or a semi-permanent, switchable magnet - 
preferably one with coercivity between 100Arrr 1 and 
50,0O0Anr 1 . The magnetic material may also be a 
composite of materials of differing properties de- 
signed to produce a high intensity, uniform field. 

The marker may comprise a magnet in the form 
of a sheet of material placed over or underneath the 
resonant material or, preferably, the resonant material 
and the magnet may be substantially co-planar. In 
one preferred embodiment, the resonant material is 
adjacent to the tips or edges of a strip or sheet of the 
magnetic material, or placed in a small gap in an an- 
nulus or toroid of the magnetic material. 

in further embodiments of the marker, a magnet- 
ic material is intimately mixed with the resonant ma- 
terial to form a magnetic matrix around it or the mag- 
netic material is used to encapsulate the resonant ma- 
terial. 

In one embodiment of marker, there is a plurality 
of magnetically active regions arranged physically so 
as to generate a unique magnetic resonance signal 
when the marker is interrogated with a predetermined 
magnetic field. 

in certain embodiments it is advantageous to as- 
semble the marker in such a way that the magnetic 
field from the magnetic material is of high amplitude 
and very uniform across the sample of the resonant 
material. This keeps the resonant signal sharp - i.e. 



narrow and of maximum amplitude. Further embodi- 
ments with this advantageous property will be obvi- 
ous to those skilled in the design of magnetic sys- 
tems. 

5 The resonance frequency shown by the resonant 

material depends, amongst other parameters, on the 
strength of the magnetic field in which it is placed, if 
a magnetic field of non-uniform spatial distribution is 
applied to the material, then different regions of the 

10 material will have different resonance frequencies. In 
another embodiment of this invention this spread of 
frequencies is used to compensate for any manufac- 
turing variations in the marker of this invention, or in 
a detection system for identifying such a marker; the 

is same effect can also compensate for any unknown or 
unpredictable external magnetic field (for example 
the Earth's field) which might affect the magnetic fie Id 
which is deliberately applied by the detection system 
to generate a specific resonance in the marker. 

20 In such instances of resonance where the orien- 

tations of the magnetic field with respect to the micro- 
wave radiation or the interrogation apparatus is criti- 
cal to the amplitude of the resonance, the magnetic 
element in the marker or the detection system may be 

25 arranged to generate a diverging magnetic field in or- 
der to increase the number of different orientations at 
which magnetic field lines intersect the marker. 

In one embodiment of the second aspect of this 
invention as defined above, the marker carrying a 

30 plurality of magnetically active regions (which may, 
for example, comprise soft magnetic regions, semi- 
hard magnetic regions and hard magnetic regions as 
well as the magnetically resonant material) is used in 
conjunction with a suitable detection system, where- 
as by the magnetic field generated within the marker by 
the field applied by the detection system is inhomo- 
geneous and has a specific and characteristic form. 
This result may be achieved by using, in the marker, 
portions of resonant material positioned so that when 

40 subjected to the applied field of the detection system, 
they are located at points or regions having a different 
field gradient The same result may also be achieved 
with a marker including several small ferromagnetic 
elements between a major magnetically active region 

45 (e.g. a strip of a magnetically soft material) and the 
resonant material. The result in such cases is that the 
range and frequencies of the resonant responses 
from the marker can be used as information repre- 
senting a code which is a further distinguishing fea- 

so ture of the identity of the resonant element or of the 
article or body carrying the marker. This allows mark- 
ers of this invention to be used for article coding. In 
one embodiment this coding may be altered by posi- 
tioning samples of the resonant material at various 

55 distances from a magnetic element or plurality of ele- 
ments of fixed magnetisation. If a plurality of resonant 
elements is used to generate a plurality of distinguish- 
able resonances, then various combinations of posi- 
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tion and hence of resonances will represent different 
identifier codes. 

In another embodiment the positions of the reso- 
nant elements are fixed, but they are placed dose to 
a plurality of magnetically switchable semi- 5 
permanent magnetic elements so that the magnetic 
environment of the resonant elements can be altered 
in a non-contact fashion by changes in an external, 
applied magnetic field. With a variety of magnetic ele- 
ments of different coercrvities, the identifier codes 10 
may be altered by this method in a controlled manner. 

Magnetic resonant materials can also exhibit 
echo phenomena such as spin echoes or ferromag- 
netic echoes under certain conditions. One class of 
these echo phenomema rely on non-linear coupling 15 
mechanisms between energy storage modes in the 
materials, and the amplitude of the echo is sensitive 
to a number of parameters such as strain in the ma- 
terial, the shape of the sample, the homogeneity of 
the magnetic field in the sample, and the time delay 20 
for excitation of the echo. 

These materials can be used as parametric am- 
plifiers dependent on any of these properties, and 
this characteristic can be used in security or identifi- 
cation systems. The echo is manifested as a micro- 25 
wave echo emitted by the sample in response to a mi- 
crowave pulse or train of pulses incident on the ma- 
terial, usually following a specific time after the final 
incident pulse. In one embodiment, the spin echo re- 
lies upon magnetoelastic (or magnetostrictive) cou- 30 
piing of energy to mechanical vibrations of the detect- 
able marker, and the spin-echo delay time can be 
made to depend upon the dimensions of the marker. 

As a further example, the echo delay time may 
depend upon the shape of a sample or crystal of the 35 
material, with a randomly-shaped crystal showing a 
number of echo delays or echo resonances with a va- 
riety of amplitudes. These can be used to distinguish 
an individual crystal of the material. It is a character- 
istic of one class of spin echo that the echo is en- 40 
hanced by irregular shape of the crystal and by an in- 
homogenous magnetic field. This type of echo is par- 
ticularly suited to implementation in manufactured 
detectable markers, where in homogeneity and irreg- 
ularity are likely to occur. 45 

If the crystal is produced in a way which is difficult 
to reproduce, then a unique identifier code can be 
generated. This can be used to identify an individual 
person or article which carries the crystal in a security 
system. An example of the production of a crystal of so 
unique shape is to shatter a very small crystal, and 
then use individual random shards. The shards can 
be interrogated remotely by microwaves, and very 
small volumes can be detected under resonant echo 
excitation. 55 

In another embodiment, the spin echoes are ex- 
cited by two shorter bursts of electromagnetic energy 
at the resonant frequency separated by a time t,. A 



third, echo response results at the same time interval 
t, after the second burst as a result of the evolution 
of the magnetisation resulting from constructive in- 
terference of processing magnetic spins induced by 
the two interrogation pulses in the spin system. The 
time tj is carefully chosen with reference to the spin 
relaxation times of the magnetically resonant moiety 
in order to maximise the amplitude of the echo which 
indicates the presence of the marker material. In or- 
der to generate a strong echo signal it is advanta- 
geous if the excitation pulse duration t p is short com- 
pared to one cycle time ^ of the resonant frequency, 
and furthermore if both tp and t, are much shorter 
than the spin relaxation or decay times for the aligned 
spin system. Maximal spin echo amplitude is ob- 
served if tp/t r is approximately 1/3. 

The echo delay time may be several microsec- 
onds, with the shape and amplitude of the echo as a 
function of time dependent on the input signal shape. 
Both of these characteristics may be used as identi- 
fiers of the presence of the spin-echo material. Phe- 
nomena which can be used for this application include 
ferromagnetic echoes, ferrimagnetic echoes, spin 
wave echoes and antiferromagnetic echoes. The ma- 
terials which exhibit these phenomena may be crys- 
talline, amorphous, multiphase or composite manu- 
factured materials. Particular examples of materials 
which show these echo phenomena are yttrium iron 
garnet and yttrium aluminium garnet 

The extreme sharpness of the resonance exhib- 
ited by certain substances exhibiting magnetic reso- 
nances can be exploited to advantage in two embodi- 
ments of the invention. The narrow resonance indi- 
cates a low damping or loss in the oscillating spin sys- 
tems, which may also be expressed as a high oscilla- 
tory quality factor, or Q-factor. This in turn may be 
viewed as a high effective gain, leading to an anom- 
alously high absorption of energy from the interrogat- 
ing electromagnetic field at or near to resonance. This 
sharp resonant absorption is highly characteristic of 
the marker material. In one embodiment of the inven- 
tion, this absorption, from a continuously applied in- 
terrogating field, is detected to indicate the presence 
of the marker. 

The high Q-factor is also manifested as a pro- 
longed emission of electromagnetic energy from the 
marker at a characteristic frequency (the resonant 
frequency) or frequencies after the interrogating elc- 
tromagnetic field has been switched off. According to 
another preferred embodiment, the interrogation field 
is pulsed on for short periods of time and then switch- 
ed off. The characteristic emission from the marker 
continues after the excitation has been stopped, and 
is detected a few microseconds or even milliseconds 
later. Particular uniqueness associated with the 
marker can also be derived from measuring the 
phase of this emission and/or the specific way in 
which the amplitude and phase evolves in time. This 
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latter embodiment is particularly useful where the dy- 
namic range in the detection system limits the ability 
to detect small amounts of absorption from a contin- 
uously applied interrogation field. It will be dear to 
those skilled in the art that the spin echo phenomema 5 
described above can be exploited in accordance with 
this invention by the use of interrogation fields which 
are pulsed in an appropriate manner, and where de- 
tection is carried out some time after the interrogation 
pulses. Methods for implementing these embodi- 10 
merits, such as detection of a phase shift during ab- 
sorption, use of bridged detectors, and pulsing tech- 
niques, are well known in the art, and will not be de- 
scribed in detail. 

It is usually of advantage in theft-prevention sys- is 
terns and other systems in accordance with this in- 
vention to be able to leave the detectable marker on 
the protected object or person when it is legitimately 
purchased or otherwise legitimately moved through 
the detection zone. Because of this it is desirable to 20 
have a means for deactivating or disarming the de- 
tectable marker. 

According to a seventh aspect of this invention 
there is provided a method of electronic article or per- 
sonnel surveillance as defined above, further charac- 25 
terised in that said marker may be deactivated by a 
predetermined alteration of the magnetic resonance 
properties of said magnetically resonant material. 
The means for deactivating the resonant material 
may be a deactivation zone provided on or in the 30 
marker itself, or it may be an element which responds 
directly or indirectly to an externally applied force so 
as to alter the chemical, crystallographic, or physical 
nature of the detectable marker. In one embodiment 
the resonance frequency is altered by inducing a 35 
chemical or crystallographic change in the resonant 
material. These changes alter the local atomic envir- 
onments of the magnetic dipoles and hence their ef- 
fective magnetic moments. The change in resonance 
frequency leads either to the marker not being detect- 40 
ed in the expected bandwidth of the detection system, 
or to the altered frequency being recognized as char- 
acteristic of disarmed markers. Chemical or physical 
changes can also be used in a similarfashion to lower 
the quality factor of the resonant species, i.e. to de- 45 
stray the resonance, sufficiently for the marker to be 
no longer detectable, and hence to deactivate it Suit- 
able techniques to induce these changes are heating 
by an electromagnetic or particle beam, or by friction, 
cooling, release of a reactive chemical agent onto the so 
resonant material, dissolving in a solvent, or physical- 
ly breaking up the material. 

In another embodiment, the deactivation is car- 
ried out by changes to the magnetic field of the mag- 
netic element This is achieved by a degaussing mag- 55 
netic field, by heating or mechanical working or a 
combination of the two, by physically breaking up the 
configuration of the magnetic material, or by chang- 



ing the direction or amplitude of the magnetisation in 
the magnetic element in the region of the resonant 
material by applying an external field to the element 
or to secondary elements close to the main element 
Even small changes in the magnetic field at the res- 
onant material will lead to detectable changes in the 
resonant frequency, and hence to an indication of de- 
activation. 

The selection of appropriate marker materials 
and of suitable deactivation regimes for the selected 
material will be made so as to be congruent with the 
intended application. Thus for antipilferage tags in- 
tended for use in retail establishments, a thermal or 
magnetic deactivation system will generally be used 
in preference to one requiring the use of reactive 
chemicals. 

For a better understanding of the present inven- 
tion, preferred embodiments will now be described by 
way of example, with reference to the accompanying 
drawings in which: 

Figures 1 and 2 show examples of configurations 

of a detectable marker, 

Figure 3 shows a schematic diagram illustrating 
the configuration of magnetic field lines in one 
embodiment of detectable marker; 
Figure 4 shows further examples of detectable 
marker configuration; 

Figure 5 shows a schematic diagram of the gen- 
eration of a spin-echo pulse of electromagnetic 
radiation; 

Figure 6 shows an exploded view of a detectable 
marker incorporated into an antipilferage tag; 
Figure 7 shows schematically a system for de- 
tecting a concealed detectable marker, and 
Figure 8 shows a schematic representation of a 
radiof requency or microwave system suitable for 
generation and detection of characteristic "iden- 
tity" signals emanating from a detectable marker 
of this invention. 

Referring first to Figure i, a resonant material 1 
and a magnetising material 2 are substantially planar. 
The detectable marker may have a variety of config- 
urations, in Figure 1a, material 1 is contained in the 
gap in an annul us of material 2, the magnetic material 
preferentially being magnetised circumferential I y to 
generate a high magnetic field across the gap. In Fig- 
ure 1b, small samples of the resonant materia! 1 are 
placed at the tips of a sheet or strip of the magnetic 
material 2, which is preferentially magnetised longitu- 
dinally to produce a high magnetic field across the 
resonant material. It will be clear that these configur- 
ations may equally well be implemented as substan- 
tially 3-dimensional structures - i.e. as toroids or rods 
or blocks. However, laminar structures are preferred 
since they are more easily incorporated into inobtru- 
sive markers. 

Referring to Figure 2, the resonant material 1 is 
incorporated, mixed, or encapsulated with the mag- 
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netic material 2 in order to improve the magnetic field 
coupling to material 1. In this and in other embodi- 
ments it is advantageous to use circular, spherical, el- 
liptical, or generally ellipsoidal shaped samples of the 
resonant material in order to improve the uniformity 5 
of the magnetic field across the sample. 

Referring next to Figure 3, the magnetic field 3 
generated by the magnetic material 2 is shown sche- 
matically to be diverging over the region of the reso- 
nant material 1. This may be exploited in the manner w 
described hereinbefore to give a variety of resonant 
conditions within a single sample of material 1, both 
as regards orientation of the magnetic moments with 
respect to the detection apparatus, and as regards 
the exact value of the resonant frequency. 15 

Figure 4 shows how diverging fields of the type 
shown in Figure 3 may be further exploited by placing 
a plurality of elements 1 of resonant material in posi- 
tions which are either magnetically equivalent or mag- 
netically different around the magnetising material 2. 20 
It will be clear that the plurality of elements 1 may also 
be implemented as a single extended element With 
careful positioning of a plurality of elements, a num- 
ber of relatively discrete resonance conditions may be 
established. This multiplicity of different resonances 25 
may be used as described hereinbefore to generate 
a unique identifier code attributable to a single arti- 
cle, person, or group of articles or people. 

Figure 5 shows the time evolution of electromag- 
netic energy during generation of a spin-echo pulse. 30 
The height of the pulses represents the amplitude of 
the electromagnetic field, and the horizontal axis 
shows time. Pulse 1 and pulse 2, each of width tp, are 
applied by the pulsed external radiofrequency or mi- 
crowave source at a time interval t v The resonant ma- 35 
teria) produces a discrete response pulse at a time t, 
after the second pulse, and this response pulse is de- 
tected to indicate the presence of the detectable 
marker. 

Figure 6 shows how a detectable marker of the 40 
type shown in Figure 1 may be incorporated into an 
antipilferage tag or an identifying marker. The com- 
ponents 1 and 2 comprising the marker are placed 
onto a substrate 4, or manufactured by direct depos- 
ition on the substrate. The substrate 4 may be a sheet 45 
of paper or polymer or other flexible material, or a 
non-flexible sheet or block of supporting material. 
The underside of the substrate may be covered in a 
layer of glue or other f ixing agent or mechanism to se- 
cure it to the object to be marked or protected. In ad- 50 
drtion, to conceal the purpose of the marker, a face 
covering or face paper 5 may be laminated to the 
marker. 

Figure 7 shows a schematic of the identification 
or detection of the passage of a concealed marker 6 55 
which is attached to some protected article 7. Amicro- 
wave or radiofrequency source emits electromagnet- 
ic radiation 9. The absorption of energy due to the 



presence of the marker or the re-emission of energy 
by the marker is detected by one or more microwave 
or radiofrequency receivers 10. 

Referring to Figure 8, LPF represents a low-pass 
filter, PSD represents a phase sensitive detector, 
and 'Amp' represents signal amplifier. The gates are 
electronic switches to rapidly switch the transmission 
or reception on or off, to enable the system to work 
in a pulsed mode. The switch timing is controlled by 
the timing generator, and may be implemented either 
by PIN diodes or by a combination of circulators and 
PIN switches to give extremely fast switching times 
(less than 0.2ns). 

In the receive circuit, the limiter is necessary to 
protect the first amplifier (preferably a low noise am- 
plifier) from residual leakage of transmit signal 
through the receiver gate in its off condition. 

The combination of two phase sensitive detec- 
tors in quadrature allows full measurement of the 
phase of the signal. The phase and amplitude char- 
acteristics of the signal are analysed by the computer 
or processing unit to assess if a marker is present. 

For continuous, rather than pulsed, operation, 
the electronic gates in the circuit are not necessary. 
In this case the local oscillator may be swept frequen- 
cy oscillator, producing an interrogation frequency 
which sweeps across the expected range of the mark- 
er resonance frequency. 

The invention will be illustrated further in non- 
limiting fashion by the following Examples. 

EXAMPLE 1 

This Example describes the construction of an 
antipilferage marker comprising a magnetic material 
and a resonant material, assembled onto a substrate. 
The magnetic material is a semi-permanent magnet 
made from Vacozet, a proprietary material produced 
by Vacuumschmeltze of West Germany. This material 
has a high remanent magnetization and is manufac- 
tured with a variety of coercive forces. In the chosen 
embodiment, material with a coercive force of 
3,000Arrr 1 was used, although this choice is not crit- 
ical - a coercive force of over 10,000Arrr 1 can be 
used. Alternatively, other magnetic materials such as 
nickel or magnetic stainless steels may be used in this 
embodiment as the magnetic element An annulus of 
thickness 40 urn, diameter 10mm, and track width 
3mm is punched from a sheet of the material and 
stuck to a substrate of paper coated with a pressure- 
sensitive glue. Approximately 1mg of a powder in the 
form of an impermeable resin containing small crys- 
tals of diphenyl picryl hydrazyl of diameter approxi- 
mately 100 jim is then placed centrally in the gap in 
the magnetic annulus, and the marker is then covered 
with a protective layer of paper. The composite is then 
cut to a square label of dimensions 12mm X 12mm. 
The resonant material experiences a magneticf ield of 
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approximately 30mT, and has an electron spin reso- 
nant frequency of approximately 1GHz with a reso- 
nance half width less than 1MHz f indicating a decay 
time after excitation of more than 1 microsecond. The 
magnetic material in this Example was chosen so that 
a degaussing field of maximum amplitude of the order 
of 10,000 A/m could be used to deactivate the marker 
(by altering the resonant properties of the resonant 
material). 

EXAMPLE 2 

This Example is similar to Example 1 in that the 
magnetizing element is constructed in the same man- 
ner. However, the resonant material In this Example 
consists of small spheres, 100 ujti in diameter, of ytt- 
rium iron garnet In this case the materia! shows a fer- 
romagnetic resonance at 1 GHz with a quality factor of 
approximately 5,000 giving a decay time, again, of 
more than 1 microsecond. 

EXAMPLE 3 

In this Example, the resonant material is the 
same as in Example 1 or Example 2, but the magnetic 
material is replaced by a permanent magnetic mate- 
rial. Aicomax is a suitable proprietary material, as is 
Ferroba, a barium ferrite. These materials are depos- 
ited in the form of a powder slurry mixed with a ther- 
mosetting resin, and printed in a layer approximately 
100 um thick. The material is magnetized by placing 
it close to a permanent magnet or by a pulsed current 
in a coil adjacent to or threading the annulus. Finally 
the slurry is set by gentle heating of the glue, to fix 
the direction of magnetization. 
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quencies; and 

iii) correlating said observed magnetic reso- 
nance property with said predetermined mag- 
netic resonance property in order to identify 
said article or personnel. 

2. A marker for use in the method of claim 1, which 
marker comprises a substrate (4) which supports 
internally or externally a plurality of magnetically 
active regions, of which at least one region com- 
prises a material (1 ) selected to support a prede- 
termined magnetic resonance property, and of 
which at least one other region comprises a per- 
manent or semi-permanent magnet (2), wherein 
said material (1) is electrically non-conductive 
and said magnetic resonance is electron spin res- 
onance (ESR). 

3. A marker for use in the method of claim 1 , which 
marker comprises a substrate (4) which supports 
internally or externally a plurality of magnetically 
active regions, of which at least one region com- 
prises a material (1 ) selected to support a prede- 
termined magnetic resonance property, and of 
which at least one other region comprises a per- 
manent or semi-permanent magnet (2), wherein 
said material (1) is electrically non-conductive 
and said magnetic resonance is nuclear magnet- 
ic resonance (NMR). 

4. A marker as claimed in clai m 2, wherein said ma- 
terial (1) is a salt including paramagnetic ion. 

5. A marker as claimed in claim 4, wherein said par- 
amagnetic ion is Cu 2 *, Mn^ f Fe 3 *, Gd 3 *, Cr 3 *, 
Tb 3 *, Er 3 *. 



Claims 



A method of electronic article or personnel sur- 
veillance which comprises monitoring, recognis- 
ing or detecting the location of an article, or sort- 
ing or selecting an article from a plurality of arti- 
cles, or personnel identification, wherein said ar- 
ticle or personnel is tagged with a marker (6) 
comprising a material (1 ) which supports a prede- 
termined resonance property which serves to 
identify said article or personnel, which method 
is characterised in that said resonance is magnet- 
ic resonance and in that the method comprises 
the steps of. 

i) subjecting said magnetically resonant mate- 
rial simultaneously to a static magnetic field 
and to electromagnetic radiation (9); 

ii) observing a magnetic resonance property 
by detecting the absorption or reemission of 
said electromagnetic radiation by said marker 
at characteristic magnetic resonance fre- 



6. A marker as claimed in claim 4 or 5, wherein said 
paramagnetic ion is used in dilute form, dis- 
40 persed in a diamagnetic medium. 

. 7. A marker as claimed in claim 6, wherein said dia- 
magnetic medium is magnesium oxide. 

45 8. A marker as claimed in claim 2, wherein the res- 
onant material is an organic molecule or a stable 
free radical. 

9. A marker as claimed in claim 2, wherein the res- 
so onant material is a crystalline solid containing 

ionic impurities. 

1 0. A marker as claimed in claim 8, wherein said res- 
onant material is naphthalene, a nitroxide, diphe- 

55 nyl picryl hydrazyt, or triphenyl methyl. 

11. A marker as claimed in claim 2, wherein said 
magnetic resonance is ferromagnetic resonance, 



8 



15 



EP 0 329 402 B1 



16 



fern magnetic resonance, antiferromagnetic res- 
onance or domain wall resonance. 

12. A marker as claimed in claim 2, wherein said 
magnetic resonance is spin-echoes. 5 

13. A marker as claimed in claim 2, wherein said 
magnetic resonance is spin-wave resonance. 

14. A marker as claimed in any of claims 2 to 13, 10 
wherein the marker is fabricated as a laminar 
item. 

15. A marker as claimed in any of claims 2 to 14, 
wherein the marker includes a semi-permanent, 15 
switchable magnet with a coercivity in the range 

100 A/m to 50,000 A/m. 

16. A marker as claimed in any of claims 2 to 15, 
wherein the resonant material (1 ) is located adja- 20 
cent to the tips or edges of the magnetic material 

(2). 

17. A marker as claimed in any of claims 2 to 15, 
wherein the resonant material (1) is located in a 25 
gap in an annulus or toroid of magnetic material 

(2). 

18. A marker as claimed in any of claims 2 to 15, 
wherein the resonant material (1 ) is located within so 
the bulk of the magnetic material (2). 

19. A marker as claimed in any of claims 2 to 18, 
wherein the configuration of magnetic material 

(2) and resonant material (1 ) is such as to provide 35 
a substantially uniform magnetic field throughout 
the resonant material. 

20. A marker as claimed in claim 19, wherein the res- 
onant material (1 ) is a circular, spherical, elliptical 40 
or generally ellipsoidal shaped sample. 

21. A marker as claimed in any one of claims 14 to 
18, wherein the configuration of magnetic mate- 
rial (2) and resonant material (1) is such as to pro- 45 
vide a substantially divergent magnetic field (3) 
across the resonant material. 

22. A marker as claimed in claim 2, 3 or 4, wherein 

the plurality of magnetically active regions is ar- so 
ranged physically so as to generate a unique 
magnetic resonance signal when the marker Is in- 
terrogated with a predetermined magnetic field 
and electromagnetic radiation. 

55 

23. A marker as claimed in claim 12, wherein the res- 
onant material (1) is arranged to undergo magne- 
tostrictive coupling with mechanical vibrations of 



the marker. 

24. A marker as claimed in claim 23, wherein the res- 
onant material (1) is a crystal of irregular shape. 

25. A detection system including a marker (6) as 
claimed in any one of claims 2 to 24, which sys- 
tem comprises a gate which, in use, will be locat- 
ed at a point of sale location or between a point 
of sale location and an exit from the premises 
containing said point of sale location, wherein 
said gate comprises means (8) for emitting radi- 
ation (9) in the microwave or radiof requency wa- 
veband; and means (10) for detecting radiation 
emitted by the marker (6) in response to a mag- 
netic field in conjunction with said microwave or 
radiof requency radiation (9). 

26. A detection system as claimed in claim 25, 
wherein said means (8) for emitting microwave or 
radiofrequency radiation (9) is arranged to emit 
pulses of radiation. 

27. A detection system as claimed in claim 26, which 
further includes means for detecting the wave- 
form of radiation emitted by the marker (6) in re- 
sponse to microwave or radiofrequency radiation 
(9). 

28. A detection system as claimed in claims 25, 26 
and 27, wherein said gate further comprises 
means for producing a gate-generated magnetic 
field across the gate; and means for detecting the 
resonance response of the marker (6) to said mi- 
crowave or radiofrequency radiation (9) in con- 
junction with said gate-generated magnetic field. 

29. A method according to claim 1 , further character- 
ised in that said marker (6) may be deactivated by 
a predetermined alteration of the magnetic reso- 
nance properties of said magnetically resonant 
material (1). 

30. A method according to claim 29, wherein said 
predetermined alteration comprises inducing a 
chemical or crystal lographic change in said mag- 
netically resonant material (1) in order to change 
said resonance properties. 

31. A method according to claim 29, wherein said 
predetermined alteration comprises inducing a 
chemical or physical change in said magnetically 
resonant material (1) in order to lower the quality 
factor of said magnetically resonant material (1). 

32. A method according to claims 29, 30 or 31, 
wherein said changes are induced through heat- 
ing by an electromagnetic or particle beam, or by 
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friction, cooling, release of a reactive chemicai 
agent onto said magnetically resonant material 
(1), dissolving said magnetically resonant mate- 
rial (1) in a solvent, or physically breaking up said 
magnetically resonant material (1). 

33. A method according to claim 29, wherein said 
predetermined alteration comprises inducing a 
change in the magnetic field to which said mag- 
netically resonant material (1) is subjected. 

34. A method according to claim 33, wherein said 
change is induced by applying a degaussing 
magnetic field to, by heating and/or mechanically 
working, by physically breaking up, or by applying 
an external magnetic field to a permanent or 
semi-permanent magnet (2) which is provided in 
or on said marker (6) in addition to said magnet- 
ically resonant material (1). 



Patentanspruche 

1. Verfahren zum elektronischen Oberwachen von 
Gegenstanden oder Personen, umfassend das 
Aufzeichnen, Erkennen Oder Erfassen des 
Gegenstandorts oder das Sortieren oder Aus- 
wihlen eines Gegenstandes aus einer Anzahl 
Gegenstande oder die Personenidentifizierung, 
wobei der Gegenstand oder die Person mit einem 
Kennzeichner (6) verbunden ist, der ein Material 
(1) enthalt, das eine vorbestimmte Resonanzei- 
genschaft unterstutzt, die zum Identifizieren des 
Gegenstandes oder der Person dient, wobei das 
Verfahren dadurch gekennzeichnet ist, daR die 
Resonanz eine Magnetresonanz ist und die 
Schritte umfaBt 

i) Aussetzen des Magnetresonanzmaterials 
unter die gleichzeitige Wirkung eines stati- 
schen Magnetfelds und elektromagnetischer 
Strahlung (9); 

il) Beobachten einer Magnetresonanzeigen- 
schaft durch Erfassen der Absorption oder 
Reemission der elektromagnetischen Strah- 
lung durch den Kennzeichner bei charakteri- 
stischen Magnetresonanzfrequenzen; und 
iii) Korrelieren der beobachteten Magnetreso- 
nanzeigenschaft mit der vorbestimmten Ma- 
gnet resonanzeigenschaft, urn den Gegen- 
stand oder die Person zu identifizieren. 

2. Kennzeichner zum Gebrauch im Verfahren nach 
Anspruch 1, wobei der Kennzeichner ein Sub- 
strat (4) enthalt, das intern oder extern eine An- 
zahl magnetisch aktiver Bereiche tragt, von de- 
nen mindestens ein Bereich ein Material (1) ent- 
halt, das ausgewahlt wurde, um eine vorbe- 
stimmte Magnetresonanzeigenschaft aufzuwei- 
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sen, und von denen mindestens ein anderer Be- 
reich einen Permanent- oder Halbpermanent ma- 
gnet (2) enthalt, wobei das Material (1) elektrisch 
nichtleitend und die Magnetresonanz Elektro- 
5 nenspinresonanz (ESR) ist 

3. Kennzeichner zum Gebrauch im Verfahren nach 
Anspruch 1, wobei der Kennzeichner ein Sub- 
strat (4) enthalt, das intern oder extern eine An- 
10 zahl magnetisch aktiver Bereiche tragt, von de- 
nen mindestens ein Bereich ein Material (1) ent- 
halt, das ausgewahlt wurde, um eine vorbe- 
stimmte Magnetresonanzeigenschaft aufzuwei- 
sen, und von denen mindestens ein anderer Be- 
ts reich einen Permanent- oder Halbpermanentma- 
gnet (2) enthalt, wobei das Material (1) elektrisch 
nichtleitend und die Magnetresonanz Kernma- 
g net resonanz (NMR) ist 

20 4. Kennzeichner nach Anspruch 2, wobei das Mate- 
rial (1) ein Salz mit einem paramagnetischen Ion 
ist 

5. Kennzeichner nach Anspruch 4, wobei das para- 
25 magnetische Ion Cu 2 *, Mn 2 *, Fe 3 *, Gd 3 *, Cr 3 *, Tb 3 * 

oder Er 3 * ist 

6. Kennzeichner nach Anspruch 4 oder 5, wobei das 
paramagnetische Ion in verdunnter Form ver- 

30 wendet wird, verteilt in einem diamagnetischen 

Medium. 

7. Kennzeichner nach Anspruch 6, wobei das dia- 
magnetische Medium Magnesiumoxid ist 

35 

8. Kennzeichner nach Anspruch 2, wobei das Reso- 
nanzmaterial ein organisches Molekul oder ein 
stabiles, f reies Radikal ist 

40 9. Kennzeichner nach Anspruch 2, wobei das Reso- 
nanzmaterial ein kristalliner Feststoff ist, der lo- 
nenverunreinigungen enthalt 

1 0. Kennzeichner nach Anspruch 8, wobei das Reso- 
45 nanzmaterial Naphthalin, ein Sticks toffoxid, 

Diphenylpikrylhydrazyl oder Triphenylmethyl ist 

11. Kennzeichner nach Anspruch 2, wobei die Ma- 
gnetresonanz ferromagnetische Resonanz, 

so ferrimagnetische Resonanz, anti ferromagneti- 
sche Resonanz oder Domanenwandresonanz 
ist 

1 2. Kennzeichner nach Anspruch 2, wobei die Ma- 
ss gnetresonanz Spinechos sind. 

13. Kennzeichner nach Anspruch 2, wobei die Ma- 
gnetresonanz Spinwellen-Resonanz ist 
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14. Kennzeichnernach irgendeinem der Anspruche 2 
bis 13, wobei der Kennzeichner ais blattformiger 
Gegenstand hergestellt wird. 

15. Kennzeichnernach irgendeinem der Anspruche 2 
bis 1 4, wobei der Kennzeichner einen halbperma- 
nenten, schaltbaren Magnet mit einer Koerzitivi- 
tat im Bereich von 1 00 A/m bis 50000 A/m enthalt 

16. Kennzeichnernach irgendeinem der Anspruche 2 
bis 15, wobei das Resonanzmaterial (1) nahe bei 
den Spitzen oder Kanten des Resonanzmaterials 
(2) angeordnet ist 

17. Kennzeichnernach irgendeinem der Anspruche2 
bis 15, wobei das Resonanzmaterial (1) in einem 
Spalt in einem Ring Oder Toroid aus Magnetma- 
teriai (2) angeordnet ist 

18. Kennzeichnernach irgendeinem der Anspruche 2 
bis 15, wobei das Resonanzmaterial (1) inner- 
halb des Volumens des Magnetmaterials (2) an- 
geordnet ist 

1 9. Kennzeichner nach irgendeinem der Anspruche 2 
bis 18, wobei das Magnet material (2) und das Re- 
sonanzmaterial (1) so angeordnet sind, dad sie 
im Resonanzmaterial durchgehend ein im we- 
sentlichen gleichformiges Magnetfeld bereitstel- 
len. 

20. Kennzeichner nach Anspruch 19, wobei das Re- 
sonanzmaterial (1) ein kreisformiges, kugelformi- 
ges, elliptisches oder allgemein ellipsoidisch ge- 
formtes Einzelstuck ist 

21. Kennzeichner nach irgendeinem der Anspruche 
14 bis 18, wobei das Magnetmaterial (2) und das 
Resonanzmaterial (1) so angeordnet sind, daS 
sie im Resonanzmaterial durchgehend ein im we- 
sentlichen divergentes Magnetfeld (3) bereitstel- 
len. 

22. Kennzeichner nach Anspruch 2, 3 oder 4, wobei 
die Anzahl magnetisch aktiver Bereiche physika- 
lisch so angeordnet ist, dad ein unverwechsel ba- 
res Magnetresonanzsignal erzeugt wird, wenn 
der Kennzeichner mit einem vorbestimmten Ma- 
gnetfeld und elektromagnetischer Strahlung ab- 
gef ragt wird. 

23. Kennzeichner nach Anspruch 12, wobei das Re- 
sonanzmateriai (1) so angeordnet ist, daft es ei- 
ner magnetostriktiven Kopplung mit mechani- 
schen Schwingungen des Kennzeichners unter- 
liegt 

24. Kennzeichner nach Anspruch 23, wobei das Re- 



sonanzmaterial (1) ein Kristall von unregelmalii- 
ger Gestait ist 

25. Erfassungssystem, umfassend einen Kennzeich- 
5 ner (6) nach irgendeinem der Anspruche 2 bis 24, 

wobei das System einen Durchgang enthalt, der 
bei Gebrauch an einer Verkaufsstelle angeordnet 
ist oder zwischen einer Verkaufsstelle und einem 
Ausgang der Riumlichkeiten, in denen sich die 

10 Verkaufsstelle bef indet, und der Durchgang eine 
Einrichtung (8) zum Aussenden von Strahlung (9) 
im Mikrowellen- oder Hochf requenzband enthalt 
sowie eine Einrichtung (10) zum Erfassen der 
Strahlung, die der Kennzeichner (6) ais Reaktion 

15 auf ein Magnetfeld in Verbindung mit der Mikro- 

wellen- oder Hochfrequenzstrahlung (9) aussen- 
det 

26. Erfassungssystem nach Anspruch 25, wobei die 
20 Einrichtung (8) zum Aussenden von Mikrowelien- 

oder Hochfrequenzstrahlung (9) zum Aussen- 
den von Strahlungsimpulsen eingerichtet ist 

27. Erfassungssystem nach Anspruch 26, das zu- 
25 dem eine Einrichtung enthalt, geeignet zum Er- 

kennen der Wellenform der Strahlung, die der 
Kennzeichner ais Reaktion auf Mikrowellen- oder 
Hochfrequenzstrahlung (9) abgibt 

30 28. Erfassungssystem nach Anspruch 25, 26 und 27, 
wobei der Durchgang fer ner eine Einrichtung um- 
fa&t, geeignet zum Herstelien eines vom Durch- 
gang erzeugten Magnetfelds uberall im Durch- 
gang und eine Einrichtung zum Erfassen der Re- 

35 sonanzantwort des Kennzeichners (6) auf die Mi- 
krowellen- oder Hochfrequenzstrahlung (9) in 
Verbindung mit dem vom Durchgang erzeugten 
Magnetfeld. 

40 29. Verfahren nach Anspruch 1, zudem dadurch ge- 
kennzeichnet, daB der Kennzeichner (6) durch ei- 
ne vorbestimmte Anderung der Magnetreso- 
nanzeigenschaften des Magnetresonanzmateri- 
als (1) deaktiviert werden kann. 

45 

30. Verfahren nach Anspruch 29, wobei die vorbe- 
stimmte Anderung das Herbeifuhren einer che- 
mischen oder kristallographischen Anderung im 
Magnetresonanzmaterial (1) umfa&t, urn die Re- 

50 sonanzelgenschaften zu andern. 

31. Verfahren nach Anspruch 29, wobei die vorbe- 
stimmte Anderung das Herbeifuhren einer che- 
mischen oder physikalischen Anderung im Ma- 
ss g net resonanzmaterial (1) umfadt, urn den Be- 

schaffenheitsfaktor des Magnetresonanzmateri- 
als (1)zu verringern. 
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32. Verfahren nach den Anspruchen 29, 30 oder 31 , 
wobei die Anderungen herbeigefuhrt werden 
durch Heizen mit einem elektromagnetischen 
Strahl Oder einem Teilchenstrahl Oder durch Rei- 
bung, Kuhlung, Freigeben einer reaktiven chemi- 5 
schen Substanz auf das Magnetresonanzmateri- 
ai (1), Auflosen des Magnetresonanzmaterials 
(1) in einem Losungsmittel Oder durch physikali- 
sches Zerbrechen des Magnetresonanzmateri- 
als (1). 10 

33. Verfahren nach Anspruch 29, wobei die vorbe- 
stimmte Anderung einen Wechsel im Magnetfeld 
umfa&t, dem das Magnetresonanzmaterial (1) 
ausgesetzt ist is 

34. Verfahren nach Anspruch 33, wobei der Wechsel 
herbeigefuhrt wird durch das Anlegen eines ent- 
magnetisierenden Magnetfelds, durch Erhitzen 
und bzw. oder mechanisches Bearbeiten, durch 20 
physikalisches Zerbrechen oder durch Anlegen 
eines aufceren Magnetfelds an einen Permanent- 
oder Halbpermanentmagnet (2), der in oder auf 
dem Kennzeichner zusatzlich zum Magnetreso- 
nanzmaterial (1) bereitgestellt ist 25 



Revendications 

1. Procede de surveillance electronique d'articles 
ou de personnes qui comprend le contr6le, la re- 
connaissance ou ia detection de ia position d'un 
article, ou le tri ou la selection d'un article parmi 
un ensemble d'articles, ou Identification de per- 
sonnes, dans lequei ledit article ou iesdites per- 
sonnes est marqu6 par un marqueur (6) compor- 
tant un materiau (1) qui presente une propriete de 
resonance pr6d§terminee servant a identifier le- 
dit article ou Iesdites personnes, lequei procede 
est caract£ris6 en ce que ladite resonance est 
une resonance magnetique et en ce que le pro- 
cede comprend les etapes consistant a : 

i) soumettre simultanement ledit materiau 
magnetiquement resonant a un champ ma- 
gnetique statique et a un rayonnement elec- 
tromagnetique (9); 

ii) observer une propriete de resonance ma- 
gnetique par detection de Tabsorption ou de 
la reemission dudit rayonnement eiectroma- 
gnetique par ledit marqueur a des frequences 
de resonance magnetique caracteristiques; et 

iii) corr6ler ladite propriete de resonance ma- 
gnetique observes avec ladite propriete de re- 
sonance magnetique pr§d§terminee pour 
identifier ledit article ou Iesdites personnes. 

2. Marqueur destine a etre utilise dans le procede 
selon la revendication 1, lequei marqueur 



contient un substrat (4) qui presente interieure- 
ment ou exterieurement un ensemble de regions 
magnetiquement actives, dont au moins une re- 
gion comporte un materiau (1) s6lectionne pour 
presenter une propriete de resonance magneti- 
que predetermin6e, et dont au moins une autre 
region comporte un aimant permanent ou semi- 
permanent (2), dans lequei ledit materiau (1) est 
eiectriquement non conducteur et ladite resonan- 
ce magnetique est une resonance de spin elec- 
tronique (RSE). 

3. Marqueur destine a etre utilise dans le procede 
selon la revendication 1, lequei marqueur 
comporte un substrat (4) qui presente interieure- 
ment ou exterieurement un ensemble de regions 
magnetiquement actives, dont au moins une re- 
gion comporte un materiau (1) seiectionne pour 
presenter une propriete de resonance magneti- 
que predeterminee, et dont au moins une autre 
region comporte un aimant permanent ou semi- 
permanent (2), dans lequei ledit materiau (1) est 
eiectriquement non conducteur et ladite resonan- 
ce magnetique est une resonance magnetique 
nucieaire (RMN). 

4. Marqueur selon la revendication 2, dans lequei 
ledit materiau (1) est un sel contenant un ion pa- 
ramagnetique. 

30 

5. Marqueur selon la revendication 4, dans lequei 
ledit ion paramagnetique est un ion Cu 2 *, Mn 2 *, 
Fe^, Gd^, Cr^, Tb*\ Er^. 

35 6. Marqueur selon les revendications 4 ou 5, dans 
lequei ledit ion paramagnetique est utilise sous 
une forme diluee, dispersee dans un milieu dia- 
magnetique. 

40 7. Marqueur selon la revendication 6, dans lequei 
ledit milieu diamagnetique est I'oxyde de magne- 
sium. 

8. Marqueur selon la revendication 2, dans lequei le 
45 materiau resonant est une molecule organique ou 

un radical fibre stable. 

9. Marqueur selon la revendication 2, dans lequei le 
materiau resonant est un solide cristallin conte- 

50 nant des impuretes toniques. 

10. Marqueur selon la revendication 8, dans lequei 
ledit materiau resonant est le naphtaiene, un oxy- 
de d'azote, un diphenyl picryl hydrazyle, ou un tri- 

55 phenyl methyle. 

11. Marqueur selon la revendication 2, dans lequei 
ladite resonance magnetique est une resonance 
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ferromagnetique, une resonance ferrimagneti- 
que, une resonance antiferromagnetique ou une 
resonance sur les parois du domaine. 

12. Marqueur seion ta revendication 2, dans lequel 
ladite resonance magnetique est une resonance 
par echos de spin. 

13. Marqueur selon la revendication 2, dans lequel 
ladite resonance magnetique est une resonance 
a ondes de spin. 

14. Marqueur seion Tune quelconque des revendica- 
tions 2 a 13, dans lequel le marqueur est realise 
sous la forme d'un article laminaire. 

15. Marqueur selon Tune quelconque des revendica- 
tions 2 a 14 dans lequel, le marqueur comprend 
un aimant semi-permanent commutable ayant 
une coercivite dans la gamme de 100 A/m a 
50000 A/m. 

16. Marqueur seion Tune quelconque des revendica- 
tions 2 a 15, dans lequel le materiau resonant (1) 
est situ 6 de fa con adjacente aux extremes ou 
des bords du materiau magnetique (2). 

17. Marqueur selon Tune quelconque des revendica- 
tions 2 a 15, dans lequel le materiau resonant (1) 
est situ6 dans un interstice menage dans un an- 
neau ou un tore en materiau magnetique (2). 

1 8. Marqueur selon Tune quelconque des revendica- 
tions 2 a 15, dans lequel le materiau resonant (1) 
est situe a I'interieu r de la masse du materiau ma- 
gnetique (2). 

1 9. Marqueur selon Tune quelconque des revendica- 
tions 2 a 18, dans lequel la configuration du ma- 
teriau magnetique (2) et du materiau resonant (1) 
est propre a fournir un champ magnetique sensi- 
blement uniforme dans tout le materiau resonant 

20. Marqueur selon la revendication 19, dans lequel 
le materiau resonant (1 ) est un 6chantillon de for- 
me circulate, spherique, elliptique ou globale- 
ment ellipsoTdale. 

21. Marqueur selon Tune quelconque des revendica- 
tion 14 a 16, dans lequel la configuration du ma- 
teriau magnetique (2) etdu materiau resonant (1) 
est propre a fournir un champ magnetique sensi- 
blement divergent (3) a travers le materiau reso- 
nant 

22. Marqueur selon les reven dications 2, 3 ou 4, dans 
lequel I'ensemble de regions magnetiquement 
actives est agenc6 physiquement de facon a g6- 



nerer un signal de resonance magnetique unique 
lorsque le marqueur est interroge par un champ 
magnetique et un rayonnement 6lectromagn6tH 
que predetermines. 

5 

23. Marqueur selon la revendication 12, dans lequel 
le materiau resonant (1) est age nee de facon a 
etre sou mis a un cou plage magnetostrictif par 
des vibrations mecaniques du marqueur. 

10 

24. Marqueur selon la revendication 23, dans lequel 
le materiau resonant (1) est un cristal de forme 
irreguliere. 

15 25. Systeme de detection comprenant un marqueur 
(6) selon Tune quelconque des revendications 2 
a 24, lequel systeme comporte un pdrtillon qui, 
lorsqu'il est utilise, est place en un point de vente 
ou entre un point de vente et une sortie du local 

20 contenant ledit point de vente, dans lequel ledit 

portillon comprend un moyen (8) pour 6mettre un 
rayonnement (9) dans la bande des hyperfre- 
quences ou des radiofrequences; et un moyen 
(10) pour detecter le rayonnement 6m is par le 

25 marqueur (16) en teponse a un champ magneti- 

que, en association avec ledit rayonnement hy- 
perf r6quence ou radiofr6quence (9). 

26. Systeme de detection selon la revendication 25, 
30 dans lequel ledit moyen (8) servant a emettre un 

rayonnement hyperfrequence ou radiofr6quence 
(9) est concu pour emettre des impulsions de 
rayonnement 

35 27. Systeme de detection selon la revendication 26, 
comportant en outre un moyen pour detecter la 
forme d'onde du rayonnement 6mis par le mar- 
queur (6) en teponse au rayonnement hyperfre- 
quence ou radiof requence (9). 

40 

28. Systeme de detection selon les revendications 
25, 26 et 27, dans lequel ledit portillon comprend 
en outre un moyen pour produire un champ ma- 
gnetique g6n6r6 par le portillon et traversant le 

45 portillon; et un moyen pour detecter la r6ponse en 

resonance du marqueur (6) audit rayonnement 
hyperfrequence ou radiofrequence (9) en asso- 
ciation avec ledit champ magnetique g6n6r6 par 
le portillon. 

50 

29. Procede selon la revendication 1, caracterisd en 
outre en ce que (edit marqueur (6) peut etre de- 
sactive par une alteration pred6termin6e des pro- 
prietes de resonance magnetique dudit materiau 

55 magnetiquement resonant (1 ). 

30. Proc6d6 selon la revendication 29, dans lequel 
ladite alteration predeterminee comprend Tinduc- 
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tion d'une modification chimique ou cristallogra- 
phique dans (edit materiau magrtetiquement re- 
sonant (1) afin de modifier lesdites proprietes de 
resonance. 

5 

31. Proc6d6 selon la revendication 29, dans lequel 
ladite alteration pr6determinee comprend I'induo 
tion d'une modification chimique ou physique du- 
dit materiau magnetiquement resonant (1) afin 
d'abaisser le facteur de qualite dudit materiau 10 
magnetiquement resonant (1). 

32. Proced6 selon les revendications 29, 30 ou 31 , 
dans lequei lesdites modifications sont induites 

par chauffage par un faisceau 6lectromagn£ti- 15 
que ou de particules, ou parfrottement, ref roidis- 
sement, liberation d'un agent chimique reactif sur 
ledit materiau magnetiquement resonant (1), dis- 
solution dudit materiau magnetiquement reso- 
nant (1) dans un solvant, ou rupture physique du- 20 
dit materiau magnetiquement resonant (1). 

33. Procede selon la revendication 29, dans lequel 
ladite alteration pr£determinee comprend I'induc- 

tion d'une modification du champ magnStique 25 
auquel ledit materiau magnetiquement resonant 
(1) est soumis. 

34. Procede selon la revendication 33, dans lequel 
ladite modification est induite par application 30 
d'un champ magnetique de demagnetisation, 
d'un chauffage et/ou d'un usinage mecanique, 
d'une rupture physique, ou par application d'un 
champ magnetique externe a un aimant perma- 
nent ou semi-permanent (2) qui est dispose dans 35 
ou sur ledit marqueur (6) en plus dudit materiau 
magnetiquement resonant (1). 
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